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© In a subband encoding system for subband cod- 
ing of a wideband digital signal constituted by at 
least first and second signal components (left, right), 
the digital signal is split up into subbands compris- 
ing at least first and second subband signal compo- 
nents. The subband signal components in a subband 
(m) are constituted by signal blocks of q samples 
which are represented by a certain number of bits 
(rw. n m i).These numbers (n m i, n mr ) are obtained dur- 
ing a bit allocation step performed in the bit alloca- 
tion means 7 as a function of bit needs (b mr , b m i) 
which are determined in bit need determining means 
(16.1, 16.r). 

Determining means (Figs. 2, 6, 7) are provided 
which determine whether initially bits are to be al- 
located to a signal block of a signal component (1) in 
a subband (SB m ) prior to the bit allocation step and 
irrespective of the bit need (b mt ) or this signal block. 

There is interaction in the way that if there is 
determined that initial bit allocation is necessary for 
a signal block in a subband, an initial bit allocation is 
also applied to at least a second corresponding 
signal block in the subband. 
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The invention relates to an encoding system 
comprising a subband coder for subband coding of 
a wideband digital signal, for example, a digital 
stereo audio signal, constituted by at least first and 
second signal components which are sampled 
each with a specific sampling frequency F s , the 
subband coder including signal splitting means for 
generating, in response to the wideband digital 
signal, a number of M subband signals by means 
of a sampling frequency reduction, for which pur- 
pose the splitting means split up the wideband 
signal into successive subbands having band num- 
bers m which augment with frequency, where m = 
1 ^ m £ M, and in which each subband signal is 
constituted by at least first and second subband 
signal components, the encoding system further 
including quantizing means for quantizing block-by- 
block the first and second subband signal compo- 
nents in a subband SB m , a quantized subband 
signal component comprising successive signal 
blocks, each signal block containing q samples, the 
q samples in corresponding signal blocks of the 
first and second quantized subband signal compo- 
nents in the subband SB m being represented by 
n m i and n m2 bits respectively, the quantizing means 
to this end comprising bit need determining means 
for determining a bit need b for corresponding 
signal blocks in the subbands, which bit need is 
related to the number of bits by which the samples 
in a signal block in a subband SB should be 
represented, and the quantizing means including 
bit allocation means for allocating the available 
quantity of bits to samples in the different signal 
blocks in the subbands in response to the bit 
needs as they are determined in the bit need 
determining means so as to obtain the values n m1 , 
and n^ forthe corresponding signal blocks in the 
subband SB m . 

Such an encoding system is known from Eu- 
ropean Patent Application No. 289.080 (PHN 
12.108), document (1) in the reference list. Dutch 
Patent Application No. 90.01.127 (PHN 13.328), 
document (6a) in the reference list, further de- 
scribes how the bit allocation in such an encoding 
system may be realised. A single subband signal 
in each of the subbands, for example, a mono 
signal or two or more signals in each of the sub- 
bands may be concerned. With two signals one 
may think of a stereo signal, with three signals one 
may think of a left, central, right signal and with 
four signals one may think of a quadraphonic sig- 
nal. 

It is an object of the invention to improve the 
bit allocation for the coding of a subband signal 
constituted by two or more subband signal compo- 
nents in each of the subbands. 

According to the invention the encoding sys- 
tem is thereto characterized in that the quantizing 



means comprise determining means, which deter- 
mining means are arranged for determining for a 
signal block of the first subband signal component 
in the subband SB m whether an initial allocation of 

5 a number of bits to the samples in the signal block 
is to be performed in the bit allocation means 
irrespective of the bit need belonging to the signal 
block and determined in the bit need determining 
means, and are arranged for producing a first con- 

70 trol signal in response thereto, and in that the bit 
allocation means are arranged for initially allocating 
a number of bits to the samples of the signal block 
in response to the first control signal, and also for 
initially allocating a number of bits to the samples 

75 of the corresponding signal block of at least the 
second subband signal component in the subband 
SB m irrespective of the bit need of the correspond- 
ing signal block of at least the second subband 
signal component. In aforementioned Dutch Patent 

20 Application, document (6a), there has been de- 
scribed that in the bit allocation step bits may be 
allocated to a signal block in advance. This 
achieves that this signal block containing at least 
the number of bits allocated thereto in the initial bit 

25 allocation step can be coded with certainty. It has 
not been described how, when coding, for exam- 
ple, a stereo signal in which first and second sub- 
band signal components are located in a subband, 
the initial bit allocation for the two subband signal 

30 components may be realised. Said Dutch Patent 
Application only describes for a single subband 
signal the manner in which it can be determined 
whether or not initial bit allocation is necessary on 
the basis of the power V|(t) of a signal block, the 

35 masked quantizing power wi(t) of the signal block 
and the bit allocation procedure for previous signal 
blocks of the subband signal. 

According to the invention, interaction is now 
realised between determining initial bit allocation 

40 for corresponding signal blocks in a subband, in 
the way that if there is determined that initial bit 
allocation is necessary for one of the correspond- 
ing signal blocks, bits are also initially allocated to 
at least a second corresponding signal block. One 

45 preferably allocates in advance equally many bits 
to the two or more signal blocks. Experiments have 
shown that such an interaction provides improved 
auditory perception of the encoded signals. 

In addition, if there is a possibility of establish- 
so ing whether no bits whatsoever must be allocated 
to a subband signal during bit allocation, there are 
in fact three options. For that matter, the determin- 
ing means may now determine that (a) bits are to 
be allocated initially, or (b) bits are not to be 

55 allocated initially, or (c) no bits at all are to be 
allocated during the bit allocation procedure. The 
invention as described hereinbefore thus assumes 
that if the situation (a) occurs for at least one of the 
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subband signal components, bits are- to be al- 
located in advance to at least two subband signal 
components. This is to say, that the main concept 
is based on the supposition that there is at least 
interaction for the case where the situation (a) 
occurs for one of the corresponding subband signal 
components in a subband. 

This concept of interaction may also be applied 
for situation (b) as required. Let us assume that for 
at least two corresponding subband signal compo- 
nents the situation (b) occurs for at least one of the 
subband signal components, whereas the situation 
(a) does not occur for any of the signal compo- 
nents, bits will then be allocated to all these sub- 
band signal components in the manner described 
in document (6a). 

For the quantization step the first and second 
subband signal components are put together to 
form a combined subband signal for subbands to 
be coded in the intensity mode. There are various 
ways in which the two subband signal components 
may be combined. For a description of this com- 
bining of the two subband signal components in a 
subband reference be made to Dutch Patent Ap- 
plication No. 91.00.173 (PHN 13.851), document 
(3). Also for this combined subband signal an initial 
bit allocation may be necessary before the bit 
allocation is applied to the subband signals. In 
identical manner to the one stated above for the 
first and second subband signal components, it 
may now be determined whether initial bit alloca- 
tion is necessary for the combined subband signal. 
Starting from the original first and second subband 
signal components there is again determined 
whether an initial bit allocation for at least either of 
the two subband signal components is necessary. 
If so, a plurality of bits is allocated in advance to 
the signal block of the combined subband signal. If 
it is also possible to determine in advance whether 
no bits must be allocated to a signal block of a 
subband signal component, expansion of the con- 
cept of interaction to afore-mentioned situations (b) 
and (c) is necessary so as to be able to determine 
for the combined subband signal whether an initial 
bit allocation for the signal block of the combined 
subband signal is necessary or not, or whether no 
bits at all must be allocated to the signal block of 
the combined subband signal. 

The invention will be further explained in the 
description of the drawing Figures with reference to 
a number of exemplary embodiments, in which: 
Fig. 1 shows the encoding system; 
Fig. 1a shows the left and right subband signal 
components constituted by q-sample signal 
blocks, plotted against time; 
Fig. 2 shows a first embodiment of the deter- 
mining means; 



Figs. 3, 4 and 5 show the various allocation 
steps as a function of the power Vj of a signal 
block of a subband signal component; 
Fig. 6 shows a second; 
5 Fig. 7 shows a third embodiment of the deter- 
mining means; and 

Fig. 8 shows a system for coding first and 
second subband signal components in a sub- 
band SB P in an intensity mode. 

w Fig. 1 shows an embodiment of the encoding 
system for coding a stereo audio signal. For exam- 
ple, 16-bit samples of the left signal component of 
the audio signal are applied to input 1 with a 
sampling frequency of 44 kHz. The audio signal is 

75 applied to a subband splitter 2. The subband split- 
ter 2 splits up the left audio signal component into 
M subbands by means of a number of M filters, 
that is to say, a low-pass filter LP, M-2 band-pass 
filters BP and a high-pass filter HP. For example, M 

20 is equal to 32. The sampling frequency of the M 
left subband signal components is reduced in the 
blocks referenced 9. In these blocks the sampling 
frequency is reduced by a factor of M. The signals 
thus obtained are presented at the outputs 3.1, 3.2, 

25 ... 3.M. At the output 3.1 the signal is presented in 
the lowest subband SBl At the output 3.2 the 
signal is presented in the lowest but one subband 
SB2. At the output 3.M the signal is presented in 
the highest subband SB M . The signals at the out- 

30 puts 3.1 to 3.M have the form of successive sam- 
ples expressed in 16 or over, for example 24-bit 
numbers. The samples of the left subband signal 
component thus appear at the outputs 3.1 to 3.M in 
Fig. 1 . These samples are referenced l[k]. 

35 16-bit samples of the right signal component of 
the audio signal are presented with a 44 Khz sam- 
pling frequency at output 1 1 . The signal is applied 
to a subband splitter 12 which distributes the right 
audio signal component over M subbands by 

40 means of M filters which are identical with the 
filters in the splitter 2 as regards their filtering 
function. Subsequently, the sampling frequency of 
the M right subband signal components is reduced 
in the blocks referenced 19. The signals thus ob- 

45 tained are presented at the outputs 13.1 to 13.M. 
At the output 13.1 there is again available the 
signal from the lowest subband SBi and at the 
output 13.M the signal from the highest subband 
SB M . The signals are also in the form of samples 

50 having identical numbers of bits with the signals 
presented at the outputs 3.1 to 3.M of the splitter 2. 
The samples are referenced r[k]. 

Fig. 1a shows the two signal components in 
each subband plotted against time. The signal 

55 stream of the successive samples in the two signal 
components in each subband are combined to q- 
sample signal blocks of as is apparent from Fig. 
1a. For example, q is equal to 12. 
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In the present embodiment the subbands SBi 
to SB M have all identical widths. This is not neces- 
sary, however. The prior-art publication (4), Kras- 
ner, discusses, for example, a subdivision into a 
number of subbands whose bandwidths approxi- 
mately correspond to the bandwidths of the critical 
bands of the human auditory system in the respec- 
tive frequency ranges. 

The operation of the subband splitters 2 and 12 
will not be further discussed, because their opera- 
tion has already been extensively discussed. To 
this end reference be made to prior-art documents 
(1), (4) and (5) which are considered included in 
this application where deemed necessary. 

The corresponding signal blocks of q succes- 
sive samples of the left subband signal compo- 
nents are applied to the associated quantizers Qn 
to Q M |. In a quantizer Q mj the samples in a signal 
block are quantized to quantized samples compris- 
ing a number of bits n m i smaller than 16. 

Similarly, the corresponding signal blocks of 
the right subband signal components are applied to 
the associated quantizers Q 1r to Q Mr . In a quantizer 
Q mr the samples in a signal block are quantized to 
quantized samples comprising a number of bits n mr 
smaller than 16. 

Prior to quantization, the q samples in a signal 
block are first normalized. This normalization is 
effected by dividing the amplitudes of the q sam- 
ples by the amplitude of the sample having the 
largest absolute value in the signal block. The 
amplitude of the sample having the largest am- 
plitude in the signal block provides the scale factor 
SF, cf. document (2). Subsequently, the ampli- 
tudes of the normalized samples, which are now 
situated in an amplitude range from - 1 to + 1 , are 
quantized. 

In prior-art document (2) this quantization is 
extensively discussed, cf. Figs. 24, 25 and 26 and 
the associated descriptions in that document. 

The quantized samples of the left signal com- 
ponents in the subbands SBi to SB M are thereafter 
presented at the respective outputs 4.1 to 4.M. The 
quantized samples of the right signal components 
in the subbands SBi to SB M are presented at the 
respective outputs 14.1 to 14.M. 

The outputs 3.1 to 3.M are further coupled to 
the respective inputs 5.1 to 5.M of the unit 16.1 
belonging to the bit need determining means 6. 
Furthermore, the outputs 13.1 to 13.M are coupled 
to the respective inputs 15.1 to 15.M of a unit 16.r 
belonging to the bit need determining means 6. 
The units 16.1 and 16.r determine the bit needs b m i 
and b mr for q-sample signal blocks corresponding 
with time of the left and right subband signal com- 
ponents in the subbands SBi to SB M . The bit 
needs b m i and b mr are numbers related to the 
number of bits with which the q samples in a q- 



sample signal block of the left and right signal 
components of a subband-m signal ought to be 
quantized. 

The bit needs b 1( to b M i, and b n to b Mr derived 

5 by the bit need determining means 6 are applied to 
the bit allocation means 7. The bit allocation means 
7 determine, on the basis of the bit needs, the real 
numbers of bits nu to n M) and n 1r to n Mr with which 
the q samples of the corresponding signal blocks 

w of the left and right subband signal components in 
the subband signals SBi to SB M are quantized. 
Control signals corresponding to the numbers nu to 
n M | are applied to the respective quantizers Qn to 
Q M i over the lines 8.1 to 8.M, so that the quantizers 

75 are capable of quantizing the samples of the left 
signal components with the correct numbers of 
bits. Control signals corresponding to the numbers 
of ni r to n Mr are applied to associated quantizers 
Q 1r to Q Mr over the lines 18.1 to 18.M, so that also 

20 these quantizers are capable of quantizing the 
samples of the right signal components with the 
correct numbers of bits. 

The documents (6a) and (6b) of the list of 
references extensively discuss how the bit need 

25 determining means 6 and the bit allocation means 
7 may function. 

The documents (6a) and (6b) explain how the 
powers v m i and the magnitudes w m i may be de- 
rived from the samples in the corresponding signal 

30 blocks of the left subband signal components, and 
how the bit needs b m i may be derived from the 
magnitudes w m i and the scale factors SF mi . The 
magnitude w m) then represents the power of the 
masked quantization noise in a signal block of the 

35 left subband signal component in the subband 
SB m . Similarly, the unit 16.r derives the powers v mr 
and the magnitudes w mr from the samples in the 
corresponding signal blocks of the right subband 
signal components, and the bit needs b mr from the 

40 magnitudes w mr and the scale factors SF mr . The 
magnitude w mr then represents the power of the 
masked quantization noise in a signal block of the 
right subband signal component in the subband 
SB m . 

45 The documents then describe the bit allocation 
as performed in the bit allocation means 7. The bit 
allocation is mainly described for a mono signal. In 
the described bit allocation algorithm the available 
number of bits B, starting from the calculated bit 

so needs bi to b M , are distributed over the samples in 
the corresponding signal blocks in the subbands so 
as to obtain the magnitudes ni to n M . In the de- 
scribed method always the largest bit need b| is 
determined in a number of cyclic steps, after which 

55 a number of bits p per sample are allocated to the 
signal block in the subband SBj. In the event of bits 
being allocated to the signal block in the subband 
SBj for the first time, p is equal to, for example, 2. 
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If bits are again allocated to the signal block in the 
subband i at a later stage, p will have a smaller 
value. For example, p will then be equal to 1 . 

Above documents also describe that stereo 
signals may be processed by the bit allocation 
means 7. In that case there are two options. The 
first option is as follows. 

In this option the bit allocation is separately 
performed for the left and right subband signal 
components. In the method discussed previously, 
the value of B was used for the bit allocation. B 
was then equal to the number of available bits. It 
may be evident that in the present case just half 
the number of available bits are taken for B for the 
calculation of n^ to n^u . The other half of the 
number of available bits will be used for the bit 
allocation to the right subband signals for obtaining 
the values ni r to n Mr . 

In contradiction of the first option, in which 
there were separate bit allocations for the left and 
right subband signals, in the second option the 2M 
bit needs b 1( to b M[ and b u to b Mr are applied to a 
bit allocation unit similar to unit 7. In this unit the 
2M numbers of n 1( to n M | and n lr to n Mr are derived 
from the real number of available bits B in a 
manner similar to that described in the two docu- 
ments with respect to mono signals. 

Said documents (6a) and (6b) describe an em- 
bodiment of determining means as included in the 
encoding system. With these determining means 
there is a possibility that an initial bit allocation to 
signal blocks may be performed in several sub- 
bands. Reference be made to the description of the 
Figs. 11 to 14 in said documents. Said documents 
describe how for successive time intervals, in 
which corresponding signal blocks of the subbands 
are coded, it may be determined, on the basis of 
the powers of v ( tov m and the magnitudes wi to W M> 
that initial bit allocation is to be performed for a 
signal block or that no initial bit allocation must 
take place, or that no bits at all must be allocated 
to the signal block. 

Naturally, the described method could be ap- 
plied to each separate subband signal component 
to be thus in a position to establish for the stereo 
signal whether an initial bit allocation is necessary 
or not and whether perhaps no bits at all must be 
allocated to a signal block. 

Fig. 2 shows an embodiment of the determin- 
ing means according to the invention. The embodi- 
ment comprises two sections 20.1 and 20.2 de- 
noted by dashed lines. The two sections are iden- 
tical. A section, for example, section 20.1 has al- 
ready been described and shown in above docu- 
ments, cf. the description of Fig. 1 1 in these docu- 
ments. A description of the operation of the section 
20.1 will be given hereinbelow. This description will 
be based on the situations represented in the Figs. 



3, 4 and 5 of the present application. 

Figs. 3, 4 and 5 show the situations for the 
successive signal blocks of the subband signal 
component in a subband i to which bits are al- 

5 located in advance or not to the subband signal 
component. The drawing Figures show the succes- 
sive time intervals AT in which corresponding sig- 
nal blocks of the M subbands are processed. In 
each time interval the power v t (t) and the mag- 

w nitude W|(t) are determined for each subband signal 
component in each subband SBj. For the first sub- 
band signal component in the subband SB| the 
magnitudes v M and w j2 are computed. If v M (t) ex- 
ceeds w M (t), bits are allocated in advance to the 

75 first subband signal component in the subband SBj. 
As is apparent from Fig. 3, this holds for the time 
intervals prior to t = ti. Fig. 2 shows in section 
20.1 a circuit by which control signals can be 
derived from the magnitudes v M and w M , which 

20 signals denote that initial bit allocation is to be 
performed for the first subband signal component 
in which case the output of the SR flip-flop 140 is 
either "high" or "logic 1 or that no bit allocation is 
performed in which case the output of the SR flip- 

25 flop 141 is "high", or that no initial bit allocation is 
performed in which case the output of the counter 
142 is "high". In the latter case, bits may be 
allocated indeed to the first subband signal compo- 
nent, but this allocation is then performed at a later 

30 stage, i.e. in the block 54 and perhaps also in the 
block 56 according to the method shown in Fig. 5 
of above documents. 

At the instant t = ti, vn(t) becomes smaller 
than wn(t). The output 144 of the comparator 143 

35 now becomes "low", whereas the output 145 of 
this comparator becomes "high". This "high" sig- 
nal is applied through the OR gate 147 to the AND 
gate 148, so that clock pulses are passed to the 
AND gate 149 with a frequency f equal to 1/AT. 

40 Since a "high" signal is applied to the other input 
of the AND gate 149 through the inverter 150, the 
clock pulses are passed to the input 151. In re- 
sponse to the clock pulses the counter 142 now 
counts down from the initial count of 5 (decimal), 

45 cf. Fig. 3. Since the output of counter 142 remains 
low, the position of the flip-flop 140 does not 
change, so that the initial bit allocation is main- 
tained. 

A time interval later, v M (t) exceeds w n (t). The 
50 output 144 of the comparator 143 becomes "high" 
again which means that the ascending edge is 
applied to the set input of the counter 142 Wa the 
OR gate 152. The count of the counter 142 is again 
set to 5 (decimal). At the instant k, cf. Fig. 3, v n (t) 
55 becomes smaller than wn(t). v it (t) now remains 
smaller than w M (t) sufficiently long to permit coun- 
ter 142 counting back to the count of 0 (decimal). 
This is at the instant t = cf. Fig. 3. At this 
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instant the output of the counter 142 becomes 
"high". The flip-flop 140 is reset now. The inverter 
150 and the AND gate 149 block the counting of 
the counter 142 so that the counter retains the 
count of 0. 

Bits are now no longer allocated to the first 
subband signal component in advance. At the in- 
stant t = U v n (t) again exceeds Wn(t). The counter 
142 is reset to the count of 5 and, additionally, the 
flip-flop 140 is set, so that bits are initially allocated 
again. 

Fig. 4a shows the situation in which Vn(t) drops 
below a certain threshold v thr even before the coun- 
ter 142 has counted down to "0". At the instant t = 
the output 145 of the comparator 143 becomes 
"low" again and the output 146 "high". Because 
the inverter 153 applies a "high" signal to one 
input of the AND gate 154, the "high" signal at the 
output 146 is passed to the AND gate 148 via AND 
gate 154 and the OR gate 147. The counter 142 
continues to count. The initial bit allocation phase 
is thus maintained until the count of 0 (decimal) is 
reached. The output of the counter 142 now briefly 
rises. Consequently, the flip-flop 141 is set via the 
AND gate 155. The high output signal of the flip- 
flop 141 is fed via the AND gate 156 and the OR 
gate 152 to the set input of the counter 142 which 
thereupon jumps to the count of 5 (decimal). In 
addition, the further down-counting of the counter 
142 is blocked because the inverter 153 now ap- 
plies a "low" signal to the one input of the AND 
gate 154. From the instant onwards no bits at alt 
are allocated to the first subband signal compo- 
nent. 

Fig. 4b shows the situation in which v it (t) has 
remained in the area between v thr and wn(t) for a 
sufficiently long period of time, so that the "non- 
initial bit allocation" phase has commenced. At the 
instant tz, v n becomes smaller than v thr . At this 
instant the output 145 becomes "low" and the 
output 146 becomes "high". 

At this instant the flip-flop 141 is set via the 
AND gate 155 and the counter 142 is reset to the 
count of 5 via the AND gate 156 and the OR gate 
152. The output of the counter 142 thus becomes 
"low" while the output of the flip-flop 141 becomes 
"high" again. No bits are allocated to the first 
subband signal component. 

Fig. 5 shows the situation in which vn(t) aug- 
ments again. At the instant fe, v M (t) exceeds v thr . 
The output 145 now becomes "high" so that the 
counter 142 is allowed to count down now. A time 
interval later Vj(t) is again smaller than v thr . The 
output 146 becomes "high" again so that the coun- 
ter is reset to the count of 5 via the AND gate 156 
and the OR gate 152. If Vj(t) exceeds v thr for a 
sufficiently long period of time, the counter 142 
may count down to the count of zero. At t = ts the 



output of the counter 142 becomes "high". The 
flip-flop 141 is reset via the AND gate 159 which is 
supplied with a "high" signal via the inverter 158, 
so that at this moment the "no bit allocation" phase 

5 is terminated and a phase of "no initial bit alloca- 
tion" is changed to. 

So far as regards the description of the opera- 
tion of the section 20.1. The operation of the sec- 
tion 20.2 is completely identical. The circuit of the 

70 section 20.2 is identical with that of section 20.1, 
the reference numerals of like components in the 
sections 20.1 and 20.2 commencing with a 1 or 2 
respectively, but further having like values. With 
the described operation, the sections 20.1 and 20.2 

75 could thus separately determine for the first or 
second subband signal component respectively, 
what sort of initial bit allocation phase is necessary 
for the two subband signal components. However, 
according to the invention, an interaction is intro- 

20 duced which is realised by the circuit referenced 
25. The circuit 25 comprises an OR gate 30 which 
is supplied with the output signals of the flip-flops 
140 and 240 both denoting the "initial bit allocation 
phase" for the two subband signal components in 

25 the subband SBi . The output signal IBA of the OR 
gate 30, if "high", denotes that a phase of initial bit 
allocation is valid for the two subband signal com- 
ponents. This is the case if either the flip-flop 140 
or the flip-flop 240 or both flip-flops have a "high" 

30 output signal. The output of the OR gate 30 is 
coupled to an input of AND gates 34, 36, 38 and 
40 via an inverter 32. If the output of the OR gate 
30 is "high", the AND gates 34, 36, 38 and 40 are 
blocked via inverter 32 and then have a "low" 

35 output signal. 

The output of the counter 142 is coupled to a 
second input of the AND gate 34. The output of the 
0 counter 242 is coupled to a second input of the 
AND gate 38. The output of the flip-flop 141 is 

40 coupled to a second input of the AND gate 36 and 
the output of the flip-flop 241 is coupled to a 
second input of the AND gate 40. 

If the outputs of the flip-flops 140 and 240 are 
"low", the output of the counter 142 or the flip-flop 

45 141 is "high", the output of the counter 242 or the 
flip-flop 241 "high" and the output of the OR gate 
30 "low". The AND gates in the circuit 25 are 
deblocked now and may allow to pass the signals 
at the outputs of the counters 142 and 242 and at 

so the outputs of the flip-flops 141 and 241 as respec- 
tive control signals "no IBA1", "no IBA2", "no 
BA1" and "no BA2". If the output of either AND 
gate 34 or 38 is "high", this means that no initial 
bit allocation is performed for the first or second 

55 subband signal component respectively, but that 
perhaps during the later bit allocation, bits might be 
allocated to the subband signal component in 
question. If the output of either AND gate 36 or 40 
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is "high", this means that no bit allocation whatso- 
ever is performed for the first or second subband 
signal component respectively. 

The determining means shown in Fig. 2 may 
be included in the unit 6 in the system shown in 
Fig. 1. In that case there are five signal lines 
leading from the unit 6 to the unit 7 per subband, 
over which lines the output signals of the OR gate 
30 and the AND gates 34, 36, 38 and 40 may be 
transported to the unit 7. Alternatively, the deter- 
mining means may be included in the unit 7. In that 
case there are four signal lines per subband be- 
tween the unit 6 and unit 7 over which lines the 
magnitudes v^, wn, v i2 and w (2 , which are deter- 
mined for each subband in the unit 6, may be 
transported to the determining means. 

In the unit 7 the correct initial bit allocation is 
performed to the signal blocks in the subbands 
while the control signals of the determining means 
are taken into consideration. 

Fig. 6 shows a second embodiment which has 
a great similarity to the embodiment shown in Fig. 
2. The determining means shown in Fig. 6 again 
comprise the sections 20.1 and 20.2. The section 
25, however, is of a different structure here and is 
thus referenced 25'. The control signal IBA for the 
initial bit allocation to the two subband signal com- 
ponents of the subband SB| is derived by the 
section 25' in identical manner with Fig. 2, that is, 
by means of the OR gate 30. The section 25* 
further includes an OR gate 50 in which the output 
signals of the counters 142 and 242 are combined. 
The output of the OR gate 50 is coupled to an 
input of the AND gate 34 and coupled to an input 
of the AND gate 36 via an inverter 52. Further- 
more, the output of the OR gate 30 is coupled to a 
second input of the AND gates 34 and 36 via the 
inverter 32. 

If the output of the OR gate 30 is "low", the 
AND gate 34 is deblocked and the signal of the OR 
gate 50 may be passed via the AND gate 34. If 
this "no IBA" signal is "high", this denotes that no 
initial bit allocation to the signal blocks of the two 
subband signal components is performed. If the 
outputs of the two OR gates 30 and 50 are "low", 
the signal at the output of the AND gate 36 be- 
comes "high", so that in that case not a single bit 
is allocated to the signal blocks of the two subband 
signal components. 

A third embodiment not shown in a drawing 
Figure will be briefly discussed here. This third 
embodiment shows much similarity to the embodi- 
ment shown in Fig. 2, with the exception that the 
section 25 is absent and a maximum value deter- 
minator is substituted for this section. The maxi- 
mum value determinator is supplied with the count 
of the counter 142 through a first input and with the 
count of the counter 242 through a second input. 



The maximum value determinator determines the 
higher of the two counts and presents this at an 
output. This output is coupled to the load inputs of 
the counters 142 and 242, After each encoding 
5 operation, that is to say, after each time interval 
AT, the higher of the two counts is stored in both 
counters. The output signals IBA1 and IBA2 are 
now always identical. The same holds for the out- 
put signals "no IBA1" and "no IBA2" and "no 

70 BA1 " and "noBA2 n respectively. 

Fig. 7 shows yet another embodiment. The 
comparators 143 and 243 are again identical with 
the comparators having like reference numerals in 
Fig. 2. The determining means shown in Fig. 7 

75 further include the section 20.1 of Fig. 2. A cou- 
pling means 65 is inserted between the compara- 
tors 143 and 243 and the section 20. 1. The 
outputs 146 and 246 of the comparators 143 and 
243 are not used in this structure. The outputs 144 

20 and 244 of the comparators 1 43 and 243 are com- 
bined in the OR gate 70. The output of the OR gate 
70 is coupled to the OR gate 152, on the one hand, 
and, on the other hand, via an inverter 71, to a first 
input of AND gates 72, 73 and 76. The outputs 145 

25 and 245 of the comparators 143 and 243 respec- 
tively, are coupled to a second input of the AND 
gates 72 and 73 respectively. The outputs of these 
AND gates 72 and 73 are combined in an OR gate 
74. The output of the OR gate 74 is coupled, on 

30 the one hand, to an input of the OR gate 147 and, 
on the other hand, via an inverter 75, to a second 
input of the AND gate 76. The output of this AND 
gate 76 is coupled to the inverter 158 and the AND 
gates 154 and 156. The outputs of the flip-flops 

35 140 and 141 and of the counter 142 now produce 
direct the control signals "IBA", "no BA" and "no 
IBA" which may be used for the bit allocation in 
the determining means. 

Fig. 8 shows the section of the encoding sys- 

40 tern in which the two subband signal components 
in a subband can be coded in an intensity mode, 
q-sample signal blocks of the first subband signal 
component in the subband SB P are applied to the 
input terminal 310. q-sample signal blocks of the 

45 second subband signal component, that is, the 
right subband signal component in the subband 
SB P are applied to input terminal 311. The left 
subband signal component referenced 1 is applied 
to a unit 312 as well as a divider 314. In the unit 

50 312 a scale factor SF| is determined for each signal 
block in the left subband signal component. This 
scale factor is, for example, equal to the amplitude 
of the largest sample in the signal block. In the 
divider 314 all the samples in the signal block are 

55 divided by the scale factor SF|. Normalized sam- 
ples referenced l[k] where k varies from 1 to q, 
then appear at the output of divider 314. The 
samples l[k] are applied to a first input of a signal 
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combining unit 316 arranged as an upcounter. The 
right subband signal component referenced r is 
applied both to a unit 313 and a divider 315. In the 
unit 313 a scale factor SF r is determined for each 
signal block in the right subband signal component, 
which scale factor is in this case also equal to the 
amplitude of the largest sample in the signal block. 
In the divider 315 all the samples of the signal 
block are divided by the scale factor SF r . At the 
output of the divider 315 normalized samples r[k] 
appear which are applied to a second input of the 
signal combining unit 316. Also in this case k 
varies from 1 to q. In an additional divider 317 the 
summed samples l[k] + r[k] are divided by 2. The 
samples thus obtained are applied to the quantizer 
318. 

The bit need determining means 6 and the bit 
allocation means 7 determine the manner in which 
the number of bits n pc by which the samples in the 
signal block of the combined subband signal in the 
subband SB P are to be represented in the manner 
as described, for example, in the documents (6a) 
and (6b). The combined subband signal block 
quantized in the quantizer 318 is then applied to 
the input 320 of a transmission medium 323. Also 
the scale factors SF| and SF r belonging to the 
associated signal blocks of the left and right sub- 
band signal components are applied, subsequent 
to quantization in the quantizers 336 and 337, to 
the inputs 319 and 322 respectively, of the trans- 
mission medium 323. Furthermore, the allocation 
information n^ representing the number of bits by 
which the samples in the sample block of the 
quantized combined subband signal are represent- 
ed are applied, subsequent to quantization in the 
quantizer 335, to the input 321 of the transmission 
medium 323. The method described hereinbefore 
is repeated for successive corresponding signal 
blocks in the left and right signal components of 
the subband SB P . 

The transmission medium 323 may have the 
form of a wireless transmission, such as, for exam- 
ple, a radio transmission channel. However, dif- 
ferent transmission mediums are also possible. In 
this respect one may think of optical transmission, 
for example, through optical fibres or optical record 
carriers such as compact disc-like mediums or a 
transmission by means of magnetic record carriers 
for which, for example, RDAT or SDAT-like record- 
ing and reproducing techniques are used. 

At the receiver end of the transmission medium 
323 the q-sample signal block of the combined 
subband signal in the subband SB P is derived from 
the data stream of the quantized samples also 
applied to the dequantizer 329 via the input 326 
under the influence of the allocation information n^ 
applied to a dequantizer 329 via the input 325. 
This method is extensively discussed in document 



(2) in the list of references. The samples thus 
obtained are then applied to multipliers 330 and 
331. The scale factor information is also derived 
from the data stream applied to the receiver via 

5 the transmission medium 323. This scale factor 
information comprises the scale factors SFj and SF r 
which are also applied to the multipliers 330 and 
331 respectively via the inputs 327 and 328. In the 
multipliers 330 and 331 the samples in the signal 

w block of the combined subband signal are multi- 
plied by SF| and SF r respectively. Left and right 
subband signal components in the subband SB P 
then appear at the respective outputs 332 and 333. 
The determining means used in this system 

75 may be those used in Fig. 6 or 7. In a more 
general context the following may be observed. 

If the determining means have only the option 
of performing an initial bit allocation or not, this 
means that for coding first and second subband 

20 signal components in a subband SB P in an inten- 
sity mode, only determining means are usable 
which generate two control signals, that is, the 
signals "IBA" and "no IBA", which then determine 
the bit allocation for the combined subband signal. 

25 If the determining means have the options of 
an initial bit allocation (IBA), no initial bit allocation 
(no IBA) or not bit allocation (no BA), this means 
that for coding first and second subband signal 
components in a subband SB P in an intensity 

30 mode, only determining means may be used that 
generate three control signals, that is, the signals 
"IBA", "no IBA" and "no BA" which then deter- 
mine the bit allocation for the combined subband 
signal. 

35 In the embodiments discussed hereinbefore it 
has been assumed that in all cases it was a matter 
of coding a wideband digital signal constituted by 
first and second signal components, for example a 
stereo signal constituted by a left and a right signal 

40 component. The wideband digital signal, however, 
may also be constituted by three or more signal 
components. With three signal components one 
may think of a left, a centre and a right component. 
The left and right signal components may be 

45 (central frequency and) high-frequency signals to 
be applied to (central frequency and) high-frequen- 
cy loudspeakers arranged in a stereo set-up. The 
central signal component may then the sum of the 
low-frequency left and right signal components 

so which may be applied to a woofer which is ar- 
ranged, for example, in a centre position between 
the stereo (central frequency and) high-frequency 
loudspeakers. With four signal components one 
may think of, for example, a quadraphonic signal. 

55 Applying the invention to a wideband digital 
signal comprising three (left, centre, right) signal 
components may mean that if the first control sig- 
nal is generated for the left signal component, bits 
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are allocated in advance to the corresponding sig- 
nal blocks of the left and right signal components 
in the subband irrespective of the bit need belong- 
ing to the right signal component, or bits are al- 
located in advance to all three of the corresponding 
signal blocks, that is to say, also to the correspond- 
ing signal block of the centre signal component 
irrespective of the bit needs the right and centre 
signal components have. 

In the first case there is interaction between the 
left and right signal components and these signal 
components may then be handled in the manner 
described above for a stereo signal. The centre 
signal is then independent thereof. The decision 
about what type of bit allocation is to be used for 
this signal component may then be made in the 
manner described in reference (6a). 

In the second case there is interaction between 
the three signal components. The method for a 
stereo signal described in this application may be 
simply extended so that these three signal compo- 
nents can be coded by means of the encoding 
system according to the invention. 

If the wideband digital signal is constituted by 
four signal components, such as, for example, in a 
quadraphonic signal, comprising a first signal com- 
ponent (left front), a second signal component 
(right front), a third signal component (left back) 
and a fourth signal component (right back), four 
different interactions are possible. 

A first possibility is an interaction between all 
four signal components in that sense that if initial 
bit allocation is necessary for one of the signal 
components, initial bit allocation is also applied to 
the remaining three signal components irrespective 
of the bit needs these three remaining signal com- 
ponents have. 

A second possibility is that an interaction iden- 
tical with the interaction described above for the 
coding of a stereo signal takes place between the 
first and second signal components. The third and 
fourth signal components are independent thereof. 
The decision about what type of bit allocation to 
each of these signal components is to take place 
may then again be made in the manner described 
in reference (6a). 

A third possibility is that a first interaction takes 
place between the first and second signal compo- 
nents, and a second interaction between the third 
and fourth signal components. The two interactions 
may be independent of each other and are each 
identical with the interaction as described above for 
the coding of a stereo signal. 

In all cases the afore-described circuits may 
simply be extended, so that a wideband digital 
signal constituted by four signal components can 
be coded. 
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Claims 

1. Encoding system comprising a subband coder 
for subband coding of a wideband digital sig- 

25 nal, for example, a digital stereo audio signal, 

constituted by at least first and second signal 
components which are sampled each with a 
specific sampling frequency F s , the subband 
coder including signal splitting means for gen- 

30 erating, in response to the wideband digital 
signal, a number of M subband signals by 
means of a sampling frequency reduction, for 
which purpose the splitting means split up the 
wideband signal into successive subbands 

35 having band numbers m which augment with 

frequency, where m = 1 £ m £ M and in 
which each subband signal is constituted by at 
least first and second subband signal compo- 
nents, the encoding system further including 

40 quantizing means for quantizing block-by-block 

the first and second subband signal compo- 
nents in a subband SB m , a quantized subband 
signal component comprising successive sig- 
nal blocks, each signal block containing q sam- 

45 pies, the q samples in corresponding signal 

blocks of the first and second quantized sub- 
band signal components in the subband SB m 
being represented by n m1 and n m2 bits respec- 
tively, the quantizing means to this end corn- 
so prising bit need determining means for deter- 
mining a bit need b for corresponding signal 
blocks in the subbands, which bit need is 
related to the number of bits by which the 
samples in a signal block in a subband SB 

55 should be represented, and the quantizing 
means including bit allocation means for al- 
locating the available quantity of bits to sam- 
ples in the different signal blocks in the sub- 
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bands in response to the bit needs as Ihey are 
determined in the bit need determining means 
so as to obtain the values n m1 and Rm 2 for the 
corresponding signal blocks in the subband 
SB m , characterized in that the quantizing 5 
means comprise determining means, which 
determining means are arranged for determin- 
ing for a signal block of the first subband 
signal component in the subband SB m whether 
an initial allocation of a number of bits to the 10 
samples in the signal block is to be performed 
in the bit allocation means irrespective of the 
bit need belonging to the signal block and 
determined in the bit need determining means, 
and are arranged for producing a first control ;s 
signal in response thereto, and in that the bit 
allocation means are arranged for initially al- 
locating a number of bits to the samples of the 
signal block in response to the first control 
signal, and also for initially allocating a number 20 
of bits to the samples of the corresponding 
signal block of at least the second subband 
signal component in the subband SB m ir- 
respective of the bit need of the corresponding 
signal block of at least the second subband 25 
signal component. 

2. Encoding system as claimed in Claim 1 , char- 
acterized in that the bit allocation means are 
arranged for initially allocating identical num- 30 
bers of bits to the samples of at least two 
corresponding signal blocks in the subband 
SB m in response to the first control signal, 
irrespective of the bit needs of the at least two 
signal blocks. 35 

3. Encoding system as claimed in Claim 1 or 2, 
characterized in that the determining means 
are arranged for determining in advance for a 
signal block in a subband SB n that no bit 40 
allocation to the samples in the signal block 
should be realised in the bit allocation means, 

and are arranged for generating a second con- 
trol signal in response thereto, in that the de- 
termining means are further arranged for gen- 45 
erating the second control signal only if no bits 
must be allocated to at least two correspond- 
ing signal blocks in the subband SB n , and in 
that the bit allocation means are arranged for 
allocating bits to none of the at least two 50 
corresponding signal blocks in response to the 
second control signal. 

4. Encoding system as claimed in Claim 1, 2 or 

3, in which for a coding in an intensity mode 55 
for at least one of the subbands SB P , the 
quantizing means are arranged for combining 
corresponding samples of the first and second 



subband signal components in the subband so 
as to obtain a combined subband signal, and 
are arranged for quantizing block-by-block the 
combined subband signal, the quantized com- 
bined subband signal being constituted by sig- 
nal blocks containing each q samples, the q 
samples in a signal block of the quantized 
combined subband signal being represented 
each by npc bits, characterized in that the 
determining means are arranged for producing 
or not the first control signal for a signal block 
of the combined subband signal in the sub- 
band SB P , and in that the bit allocation means 
are arranged for initially allocating a number of 
bits to the samples of the signal block of the 
combined subband signal in the subband SB P 
in response to the first control signal. 

5. Encoding system as claimed in Claim 4, char- 
acterized in that the determining means are 
arranged for deriving or not the second control 
signal for a signal block of the combined sub- 
band signal in the subband SB P , and in that 
the bit allocation means are arranged for not 
allocating bits to the samples of the combined 
subband signal in response to the second con- 
trol signal. 
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© In a subband encoding system for subband cod- 
ing of a wideband digital signal constituted by at 
least first and second signal components (left, right), 
the digital signal is split up into subbands compris- 
ing at least first and second subband signal compo- 
nents. The subband signal components in a subband 
(m) are constituted by signal blocks of q samples 
which are represented by a certain number of bits 
(n m n n m i).These numbers (n m i, n mr ) are obtained dur- 
ing a bit allocation step performed in the bit alloca- 
tion means 7 as a function of bit needs (b mr , b m i) 
which are determined in bit need determining means 
(16.1. 16.r). 

Determining means (Figs. 2, 6, 7) are provided 
which determine whether initially bits are to be al- 
located to a signal block of a signal component (1) in 
a subband (SB m ) prior to the bit allocation step and 
irrespective of the bit need (b m i) or this signal block. 

There is interaction in the way that if there is 
determined that initial bit allocation is necessary for 
a signal block in a subband, an initial bit allocation is 
also applied to at least a second corresponding 
signal block in the subband. 
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